Abstract. Cobrotoxin produces intense analgesia but it has an onset of response of 1-3 h which hampers its clinical use in cancer pain. Recently, a compound analgesic formulation combining cobrotoxin, tramadol hydrochloride and ibuprofen (Compound Keluoqu, CKLQ) has become available in China. The aim of this study was to evaluate the clinical efficacy of CKLQ for moderate to severe cancer pain. A consecutive series of patients with chronic moderate to severe cancer pain was enrolled into two multicenter trials. Of the 230 eligible patients, 119 were assigned to a randomized, double-blind, cross-over study, while 111 entered an open-label study. They were all of Han-China nationality and had a mean age of 52.0 and 55.4 years and a mean body weight of 55.6 and 52.9 kg, respectively. A total of 11 patients discontinued the study, 6 (54.5%) because of insufficient pain relief and 5 due to the occurrence of adverse events. In the cross-over study, 59 patients were randomized to receive a CKLQ package with 2 CKLQ tablets (each containing 0.16 mg cobrotoxin, 25 mg tramadol hydrochloride and 50 mg ibuprofen) and 2 placebo capsules, a placebo package with 2 placebo tablets and 2 placebo capsules, and an active control package with 2 tramadol hydrochloride capsules (each containing 50 mg tramadol hydrochloride) and 2 placebo tablets (arm A), and 60 to receive a tramadol hydrochloride package, a placebo package and a CKLQ package (arm B), sequentially and only once. Patients in the open-label study only received CKLQ and were given the option to continue for up to 7 days as long as they had satisfactory pain relief. Pain response was classified as CR, PR and NC. CR was defined as 100% pain relief, with a pain score of 0 on a 0-10 VAS. PR was defined as decreased to mild pain, with a pain score of no more than 4 on a 0-10 VAS. NC was defined as pain that either remained unchanged or that was reduced from severe to moderate at baseline, with a VAS pain score of more than 4 after treatment. One hundred and eight patients completed the cross-over study with all the three drug units. The overall rate of pain relief was 93/ 111 (83.7%) for CKLQ, 75/110 (68.2%) for tramadol hydrochloride (P=0.011) and 39/111 (35.1%) for placebo (P<0.001). The mean duration of pain relief with CKLQ was significantly longer than that of the other two agents (P<0.001). Of the 35 patients who did not respond to tramadol hydrochloride, 27 (77.1%) responded to CKLQ, while of the 18 who did not respond to CKLQ, 8 (55.6%) achieved satisfactory pain control with tramadol hydrochloride. In the open-label study, the overall relief rate of a single-dose of CKLQ was 99/111 (89.2%). A reduction in the percentage of complete relief, an increase in that of PR and a significant decrease in duration of relief were observed after continuous treatment with at least 10 doses of CKLQ. The frequency of adverse events for CKLQ was similar to that of tramadol hydrochloride. The results of the randomized, double-blind, cross-over study and the open-label study of CKLQ in cancer patients with chronic moderate to severe cancer pain suggest that the CKLQ may be valuable for the treatment of chronic moderate to severe cancer pain. However, the tolerance of CKLQ remains to be further defined.
Introduction
Opioid analgesics are generally considered to be the most effective drugs for chronic moderate to severe cancer pain and for insufficient pain relief from non-opioid analgesics (1, 2) . However, there is a highly individual variability in response and in the incidence of adverse events (AEs) to different opioids (3, 4) . Clinical practice guidelines for cancer pain management suggest that alternating opioids with opioids combined with other pharmacological agents (such as non-steroidal anti-inflammatory drugs, steroids or psychotropic drugs) to meet the individual needs of patients is an important strategy for optimizing control of cancer pain and reducing dose-limiting toxicities of opioids (5) . Whether these analgesic agents in compound formulations have as effective a response and safety profile has not yet been documented.
Compound Keluoqu (CKLQ) in tablet form is a unique formulation with different analgesic mechanisms, in which cobrotoxin is combined with 1/2 dose of tramadol hydrochloride (50 mg) and 1/3 dose of ibuprofen (100 mg). Cobrotoxin is known to bind with cysteine residues of biological molecules such as nicotine acetylcholine receptor (6) . The pharmacologic study of cobrotoxin, a novel analgesic toxin purified from king cobra venom, has documented its potent analgesic action involving an opioid and nitric oxide (7) (8) (9) . Animal studies have shown that the response produced by cobrotoxin is long-lasting, with 6-8 h duration of pain relief, while its onset is slow, with maximum relief occurring between 1-3 h following administration (8) . Tramadol hydrochloride, a centrally acting drug introduced in the late 1970s, is a partial μ-opioid agonist substitute which inhibits both norepinephrine (noradrenaline) and serotonin (5-hydroxytryptamine) neuronal re-uptake and facilitates their release (10, 11) . Ibuprofen, a non-steroidal anti-inflammatory drug (NSAID), has been widely used in the treatment of rheumatic diseases and has also shown to induce a good response providing relief of mild to moderate cancer pain and of moderate to severe cancer pain when combined with opioids (12, 13) .
Theoretically, in a complementary and/or synergistic manner, the association of cobrotoxin with tramadol and ibuprofen would decrease the amount of weak opioid (tramadol) and NSAID (ibuprofen) required, and thus decrease the incidence of weak opioid and NSAID use. Clinical studies have confirmed that CKLQ produces acceptable analgesia and response times) in the treatment of post-operative pain, with a mean duration of pain relief lasting 6.5 h (6). In this investigation, the aim of the cross-over study was to evaluate whether CKLQ could provide at least the same level of pain control (including analgesic intensity and duration of response) as that obtained by tramadol hydrochloride for chronic moderate to severe cancer pain, and whether it could be a realistic switching option for patients who are tolerant to tramadol hydrochloride, while that of the open-label study was to observe the toxicity and tolerance of CKLQ.
Patients and methods
Patient selection. The cross-over study and the open-label study were performed successively at 7 cancer centers. The enrollment period was from January 1999 through April 2000. Patients with chronic moderate to severe cancer pain and stable analgesic requirements (14, 15) , aged 18 or over were considered eligible for the study. Pain intensity rated higher than 4 on a visual analogue scale (VAS) of a horizontal 10-cm line ranging from 0 to 10 (16), where 0 equaled no pain and 10 the worst pain imaginable.
Before enrollment, the patients' medical records were checked and the patients underwent a thorough physical examination to ensure they had no history of psychiatric disease or of drug abuse, and to check for evidence of oral, hepatic, renal or cognitive diseases that would prevent them from participating in the study. Patients discontinued any other analgesics (opioid or non-opioid) at least 8 h before receiving the first dose of the study medication, and controlled-release analgesics 12 h before. Active anticancer therapy (e.g., chemotherapy, radiotherapy, endocrine therapy) was not permitted in the three weeks before starting therapy with the study medication.
Exclusion criteria were: a history of hypersensitivity to any related drug component, functional impairment of the kidney or liver, significantly impaired ventilatory function, current use of another investigational drug, pregnancy or lactation, unwillingness or inability to cooperate or give written informed consent.
The study was approved by the institutional review board at each center, and all patients provided written informed consent.
Randomization and study design. In different departments of 7 centers eligible patients concurrently entered one of the two studies: a) to receive active drugs and placebo treatment (cross-over study) or b) to receive only CKLQ treatment (openlabel study).
Patients in the cross-over study were randomized to arm A or arm B. In arm A, patients received one administration of CKLQ, one of placebo and one of tramadol hydrochloride, sequentially. In arm B, patients received one administration of tramadol hydrochloride, one of placebo and one of CKLQ, sequentially. The arm assignments were generated by a computer and written on a card that was put into a sealed envelope. In order to maintain blinding of the study, a doubledummy technique was used to confound the CKLQ tablets with the placebo tablets [CKLQ and placebo tablet (LiZhu Group LiBo Biochemical and Pharmaceutical Co., Ltd.)], and tramadol hydrochloride capsules with the placebo capsules [tramadol hydrochloride capsules and placebo capsule (Liaoning Jingzhou Pharmaceutical Co.)]. The placebo was formulated so as to be identical in color, taste, texture and package to the active drugs.
Each patient was given a box with 3 sequentially numbered drug units. Patients were instructed to take 2 tablets and 2 capsules at a time 3 times. In arm A, the first drug unit was the package with 2 CKLQ tablets (each containing 0.16 mg cobrotoxin, 25 mg tramadol hydrochloride and 50 mg ibuprofen) and 2 placebo capsules. The second unit was the placebo package with 2 placebo tablets and 2 placebo capsules; and the third unit was the active control package with 2 tramadol hydrochloride capsules (each containing 50 mg tramadol hydrochloride) and 2 placebo tablets. In arm B, the sequence of CKLQ and tramadol hydrochloride administration was reversed. If adequate pain relief had not been obtained within 1 h, patients were encouraged to take the next drug unit in the sequence. They were also allowed to take other analgesics which they had used before, but in that case they were disenrolled from the study. Neither patients nor clinicians were aware of the actual contents of each drug unit.
In the open-label study, patients only took 2 tablets of CKLQ at a time and were given the option to continue taking CKLQ for 7 days as long as they had satisfactory pain relief.
Clinical assessment. All patients were observed in a hospital setting, and treated by a hospital team consisting of physicians and nurses experienced in palliative care. At the time of recruit-ment, patients were asked to keep track of their pain severity, pain experience and pain treatment in a pain diary. Pain intensity at baseline was evaluated by VAS in the presence of an investigator. Patients were required to record the data themselves, and the clinicians merely reminded them to note down any change in pain intensity or AE, after which they discussed pain control with them. After taking each drug unit, patients assessed changes in their pain every 10 min for 60 min. Pain intensity was subsequently categorized into four levels (no pain, 0; mild pain, >0-4; moderate pain, >4-7; severe pain, >7-10) according to the VAS rating. The difference in pain intensity and pain response were evaluated by comparing the extent of change in the pain score at different points in time compared with baseline. Once acceptable analgesia was achieved, patients were asked to record at least three kinetic changes in pain intensity and times for each drug unit, as well as their baseline pain intensity and time to dose: i) pain intensity of initial relief and time to relief; ii) pain intensity on reaching mild relief and time to mild pain; iii) pain intensity on reaching maximal relief and time to peak response.
Pain response was classified into complete relief (CR), partial relief (PR) and no change. CR was defined as 100% pain relief, with a score of 0 on a 0-10 VAS. PR was defined as a decrease to mild pain, with a pain score of no more than 4 on a 0-10 VAS. No change was defined as pain that either remained unchanged or that was reduced from severe to moderate at baseline, with a score of >4 on VAS after treatment. To further evaluate pain response, we used three time periods to describe the time to response of each drug unit: a) time to onset of pain relief (time from drug ingestion to mild pain relief), b) time to peak pain relief (time from drug ingestion to maximum relief) and c) duration of pain relief. study drug unit (none, possible, probable or definite) were assessed by clinicians.
Statistical analysis. VAS pain intensity at baseline, pain intensity differences and times to response in the three subgroups of the cross-over and open-label studies were compared by one-way analysis of variance (ANOVA). Time to onset of relief, time to peak relief, and duration of relief between two subgroups were estimated by Student's t-test. Pain relief rates were compared by the ¯2 test. Fisher's exact test was used to assess differences between subgroups in the proportions of each AE. All data were analyzed using the Statistical Package for the Social Science (SPSS Inc., version 8.0). A two-sided P-value ≤0.05 was considered statistically significant.
Results

Patients.
A total of 230 patients were enrolled into the two studies and were analyzed on an intention-to-treat basis. One hundred and nineteen were assigned to the double-blind, crossover study and 111 entered the open-label study (Fig. 1) . Overall, 86.6% of the patients in the cross-over study and 87.4% of those in the open-label study had previously used several analgesics in step 2 or 3 of the WHO analgesic ladder. Of the 11 patients who discontinued the study, 6 (54.5%) did so because of insufficient pain relief and 5 due to AEs. In the cross-over study, 59 patients were randomly assigned to arm A and 60 to arm B and a total of 108 completed the study with three drug units. There was no significant difference in the baseline pain intensity VAS scores of the subgroups of patients in arm A or B taking the same drug unit. Patient characteristics are listed in Table I .
Pain relief in the cross-over study. When patients in arm A and arm B were evaluated together, there were no significant differences in mean baseline pain intensity among the CKLQ, placebo or tramadol hydrochloride subgroups. The mean pain intensity difference at onset of relief and mean time to peak relief were approximately the same among responders taking CKLQ, placebo or tramadol hydrochloride. The only pain intensity difference was noted at peak relief in the placebo subgroup where pain intensity was higher than in the other groups (P<0.0001). Statistically significant differences were observed in all the clinical responses and time indices in the three subgroups (all, P<0.05), except for the mean time to peak relief (about 1 h). The clinical relief rates and relief times in both the CKLQ and tramadol hydrochloride subgroups significantly exceeded those of the placebo subgroup (all, P<0.05). There were also significant differences in the clinical relief rates and response times between the CKLQ subgroup and tramadol hydrochloride subgroups (P<0.0001), especially in the mean duration of relief, which was 6.5±2.7 h for patients treated with CKLQ and over 2 h longer than the duration observed (4.3±2.6 h) for patients treated with tramadol hydrochloride (P<0.0001) (Table II) .
Of the 35 patients who did not respond to tramadol hydrochloride, 27 (77.1%) responded to CKLQ. Of the 18 who did not respond to CKLQ, 8 (55.6%) obtained satisfactory pain control with tramadol hydrochloride.
The effects of the order of administration of the same active analgesics (including CKLQ and tramadol hydrochloride) were also examined. There was no significant difference in clinical response, or time to response provided by the same drug when it was used as the first or the third unit. Specifically, of the 39 (35.1%) patients who achieved pain relief with placebo, only 5 (4.5%) obtained CR, and the mean duration of relief was significantly shorter than that of CKLQ (P<0.001) or that of tramadol hydrochloride (P<0.0001). Of the 84 patients who responded to the first drug unit, 30 (35.7%) achieved pain relief with the placebo; of the 27 non-responders, 9 (33.3%) reported achieving pain relief with the placebo (Table III) .
Pain relief in the open-label study.
In the open-label study, the relief rate of the first dose of CKLQ was 89.2% (99/111). 
Cross-over Open-label study study (n=119) (n=111) ------------------------------------------------ 
------------------------------------------------
a Plus-minus values are means ± SD.
-------------------------------------------------
The discontinuation rate of the 99 patients was 91% (90/99) and 85% (84/99) of these discontinued because they had left the hospital. The discontinuation rate due to non-achievement of acceptable pain control was 5% (5/99) while the discontinuation rate for AEs was 1% (1/99). Of the 111 patients in the open-label study, 69 took CKLQ <10 times and 42 ≥10 times. The total number of times CKLQ was taken by the 111 eligible patients was 631 (range 1-25), with a median of 2 administrations. There were no significant differences in the mean pain intensity difference and overall relief rates between patients taking a specific drug <10 times and those taking it ≥10 times. Compared with the first dose subgroup, the overall relief rate in the <10 times subgroup did not decrease as only the patients who obtained CR or PR continued with a further dose. The CR rate in the ≥10 times subgroup decreased significantly (P<0.0001), while the percentage of PR increased significantly (P<0.0001). The mean pain intensity difference at peak relief (42.9±18.5 mm) in the ≥10 times subgroup was lower than that of the <10 times subgroup (43.9±18.2 mm) (P=0.043), although the mean pain intensity at baseline did not differ significantly. No significant differences were observed in the mean time to onset of relief and mean time to peak relief in the ≥10 times subgroup compared with those in the first dose subgroup and in the <10 times subgroup (Table II) . The mean duration of relief in patients taking treatment <10 times was 6.1 h while it was 5.5 h in those taking treatment ≥10 times (P<0.0001).
AEs. The frequency of AEs from CKLQ was similar in the cross-over and open-label studies (Table IV) . In the 111 patients in the cross-over study, at least one AE was reported by 47% of the patients taking tramadol hydrochloride, 39% of those taking CKLQ and 21% of those receiving placebo; the AE was considered by investigators to be possibly, probably, or definitely related to the drug unit.
In the cross-over study, the most frequent AEs caused by CKLQ, tramadol hydrochlorde, and placebo were nausea [ 
a -----------------------------------------------------------------------------------------------------
Cross-over study Open-label study ---------------------------------------------------------------------------------------------------- Table III . Effect of first-unit on response of placebo in crossover study. 6%) ]. There were no significant differences in the frequency of AEs between patients taking CKLQ (188) and tramadol hydrochloride (161) in the crossover study, although asthenia was more common in patients receiving CKLQ (P=0.029). Most of the AEs were also observed in patients receiving placebo, albeit with a significantly lower frequency. AEs were smilar in the open-label study. There was no relationship between response to placebo and AEs (Table V) . Most of drug unit-related AEs were mild to moderate and were easily managed medically. Only 5 patients in the cross-over study (2 taking CKLQ, 3 taking tramadol hydrochloride) and 4 in the open-label study discontinued their participation because of AEs.
-----------------------------------------------------------------------------------------------------
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Discussion
The present study suggests that CKLQ is an effective and acceptable compound for the treatment of moderate to severe pain in cancer patients. CKLQ has a similar onset of action and degree of pain relief as does tramadol hydrochloride, while its duration of response is significantly prolonged. The CKLQ formulation is characterized by an initial release of tramadol hydrochloride and ibuprofen followed by a delayed release of cobrotoxin. The initial release is fast enough to cause the onset of analgesia (similarly to tramadol hydrochloride), while the delayed release of the remaining element results in a prolonged effect (6) .
Although there was a significant difference in response rates and response time between CKLQ and tramadol hydrochloride, a carryover effect for pain intensity at baseline was not observed between the first and the third drug unit in the cross-over study. Administration of placebo between two active analgesics permitted a drug-free period and reduced the potential bias of carryover effect from one active drug phase to the next (17, 18) . Thiry-five percent of patients were observed to respond to placebo, but their response was independent of whether they responded to the first drug unit, as the CR rate in responders was only 4.5% and duration of response was only a quarter of that achieved with CKLQ. This may partly be attributed to a true placebo response in which endogenous opioid release or a neurologic down-regulation response may contribute substantially to the improvement of a patient's pain (19, 20) . Table IV . Primary adverse events in cross-over and in open-label study. --------------------------------------------------------------------------------------------------- 
a By comparing CKLQ with tramadol; Table V . Correlation between adverse events and response of placebo in cross-over study. 
Preclinical studies have shown that cobrotoxin produces analgesia without the development of cross-tolerance to opioid analgesics (8) . We found that most of the patients who had not obtained significant pain relief with tramadol hydrochloride previously achieved a statistically significant benefit from treatment with CKLQ. A similar result was observed for the inverted sequence. These findings seem to indicate that patients who are tolerant to one agent may have the possibility to switch to another. Since it has been well established that there are differences in pain response to different analgesics by different individuals (17, 21) , it is important to select non-opioid or opioid analgesics to meet the needs of single patients (22, 23) . CKLQ may present an optional advantage for switching analgesics in patients who do not respond to tramadol hydrochloride. However, the present study was not sufficiently sized to provide a reliable evaluation of the comparative switching effect of CKLQ and tramadol hydrochloride.
The AE profiles of CKLQ and tramadol hydrochloride were similar. However, the incidence of AEs reported in the patients treated with CKLQ was lower than in those receiving tramadol hydrochloride and this was due to its containing 50% less tramadol hydrochloride and two-thirds less ibuprofen. Asthenia was more frequent in patients receiving CKLQ and this was probably related to the cobrotoxin component which has an effect on peripheral sites and produces post-synaptic blocking of the cholinergic receptor of the skeletal muscle endplate (8, (24) (25) (26) . The incidence of AEs reported in the patients treated with placebo was somewhat high, which may be a result of the bias reduction in the double blind study (17) . The finding that the incidence of placebo AEs was not related to response suggests that the AEs and response to placebo did not tend to occur in the same individual.
Given that hospitalization costs (excluding drugs) are low in China (3 USD a day), all the patients in the study could be observed in a hospital setting [different places can influence the results of analgesia (27, 28) ] and the kinetic changes in pain intensity at different time-points could be monitored. This study was not designed to assess the change in pain intensity at fixed time-points, which made it difficult to pinpoint the exact time to response, time to the best response and duration of response of CKLQ. In order to determine the time to response, clinicians asked patients to evaluate pain intensity at 10-min intervals over a 1-h period after taking one drug unit. However, a greater frequency of ward rounds would in itself create a placebo effect and, once the patients responded to the drug unit, clinicians could discontinue their rounds until the next drug unit in the sequence.
There were two main areas of methodologic weakness in our study. Firstly, the sample size of the cross-over study was not sufficiently powered to determine the statistically significant differences in the response and the incidence of AEs of CKLQ and of tramadol hydrochloride. Secondly, it is premature to conclude that CKLQ could be used to provide a reliable evaluation of the comparative switching effect of CKLQ and tramadol hydrochloride to control chronic moderate to severe cancer pain, because response and safety were evaluated only once after switching in the single dose design. In fact, alternative delivery systems for cobrotoxin derivates has been recently suggested (29) .
Finally, in the open-label study, we expected that patients would continue CKLQ treatment for 7 days or until pain relief became adequate, and yet the discontinuation rate was high. Several factors contributed to failure of patients to continue CKLQ treatment including having to leave the hospital due to economic reasons or fear of AEs from long-term administration of the trial drugs. Given this limitation, the tolerance of CKLQ remains to be defined.
In conclusion, this is the first randomized, placebocontrolled, double-blind study of a cobrotoxin-related analgesic compound for the treatment of moderate to severe cancer pain. CKLQ was found to have onset properties and a time to peak activity similar to those of tramadol hydrochloride, but a higher pain relief rate and a longer duration of response. In particular, there could be incomplete cross-tolerance with tramadol hydrochloride.
